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(54) Optical disk and method of manufacturing the same 



(57) An optical disk is characterized by comprising a 
mark train (11, 12), which has at least one shortest 
mark (11) and at least one other mark (12), recording 
readable information by applying a light beam, charac- 



terized in that the shortest mark (1 1) of said mark train 
have a width larger than that of the other mark (12). 
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Description 

The present invention relates to an optical disk hav- 
ing information stored in high density in the form of a 
mark train such as a pit train, and also a method of man- 
ufacturing the optical disk by using a master. 

An optical disk is a recording medium on which 
information has been recorded in the form of a mark 
train, such as a pit train. The information can be read by 
applying a light beam onto the recording surface of the 
optical disk. The optical disk attracts much attention 
because it can work as a memory for storing a great 
amount of information in high density. Actually it has 
been used as a memory in various data-processing sys- 
tems such as personal computers, and also as a 
medium recording audio and video signals. Research 
and development are undergoing to provide an optical 
disk which can store more information in higher density. 

How optical disks are manufactured will be briefly 
described. First, the master is plated. Using the master 
thus plated, a stamper is made. Next, the stamper is 
used, fabricating a number of disk substrates by means 
of injection molding. A reflecting film made of, for exam- 
ple, aluminum is formed on each disk substrate, and a 
recording film such as a phase-changing film or a pho- 
tomagnetic film is formed on the reflecting film. An opti- 
cal disk is thereby manufactured. Generally, the master 
is manufactured as follows. First, photoresist is coated 
on a glass substrate. Then, a laser beam focused by an 
objective lens is applied to the photoresist. While being 
applied to the photoresist, the beam has its power mod- 
ulated in accordance with signals representing the infor- 
mation which is to be recorded on the optical disk. The 
photoresist exposed to the laser beam is developed with 
an etchant, whereby pit train representing the informa- 
tion are formed in the photoresist. The master is thereby 
manufactured. Alternatively, the light beam may be con- 
tinuously applied to the photoresist, maintaining a con- 
stant power, and the photoresist may be developed with 
an etchant. In this case, a groove will be formed in the 
photoresist. 

Any optical disk made by using a stamper fabri- 
cated by using a master which has a pit train has a iden- 
tical pit train in the surface of its reflecting film. On the 
other hand, any optical disk made by using a stamper 
prepared by using a master which has a groove has a 
groove in the surface of its recording film. The groove 
serves as a tracking guide. A exposure light beam may 
be applied to the recording film, along the groove, form- 
ing a mark train (e.g., pits), thus recording information 
on the recording film of the optical disk. 

In order to reproduce information from an optical 
disk on which the information has been thus recorded, a 
reproducing light beam is applied to the optical disk. A 
photodetector detects the beams reflected from the pits 
and converts the beams into information signals. Hith- 
erto used as the reproducing beam is one emitted from 
a red-emitting laser. An objective lens focuses the red 
laser beam. The laser beam is applied to the optical 



disk, forming thereon a beam spot having a diameter of 
about 1 ftm. In this case, it is possible to reproduce the 
information which is recorded on the optical disk in the 
form of pits having a width of about 0.3 to 0.4 |im. 

5 To record information in high density on an optical 
disk, pits must be formed in the surface of the optical 
disk in smaller size at shorter intervals between the pits. 
To reproduce the information recorded in high density, 
that is, in the form of small pits at short intervals, the 

10 reproducing beam must have a small diameter. To 
achieve these requirement, short-wave lasers, such as 
an SHG laser element and a blue laser element, are 
being developed. It is expected that beams emitted from 
these short-wave lasers can be focused to have a diam- 

75 eter of sub-micron order. 

Optimal relationship exists between the diameter of 
a beam spot and the pit length formed in the surface of 
an optical disk. Signals having a maximum amplitude 
will be generated if the pit length is larger than the diam- 

20 eter of the beam spot, provided that the pits have a 
width about one third the diameter of the beam spot. A 
blue laser beam can be focused to have its diameter 
reduced to about 0.6 fim, depending on the optical char- 
acteristics of the objective lens used. To reproduce 

25 information signals having a maximum amplitude, the 
pits formed in the surface of the optical disk need to 
have their width decreased to about 0.2 }im. 

As indicated above, the pits in the surface of an 
optical disk must be small to record information in high 

30 density on the optical disk. However, if the pits are 
arranged at intervals shorter than the diameter of the 
spot the reproducing beam forms on the surface of the 
disk, the MTF (Modulation Transfer Function) will 
decrease. This inevitably reduces the amplitude of the 

35 signals reproduced from the optical disk The shortest 
pit formed in the disk surface may have the same length 
approximately equal to or less than the diameter of the 
beam spot. It may therefore be narrower than any 
longer pit. If so, the signal generated from the beam 

40 reflected from the shortest pit will be extremely reduced. 
As described above, small pits may be formed to 
record information in high density on an optical disk, 
and a short-wave reproduction beam having a small 
diameter may be applied to the disk having pits to repro- 

45 duce information from the disk. In this case, the signal 
generated from a beam reflected from the shortest pit 
has an amplitude far smaller than desired. Having an 
insufficient amplitude, the signal is likely to have 
increased jitter or to result in an increase of error rate. 

so Ultimately the signal will greatly lower the reliability of 
the optical disk system in which the disk is used. 

An object of the present invention is to provide an 
optical disk on which information is recorded in high 
density in the form of a mark train such as pits, and 

55 which can provide a signal having a sufficient amplitude 
even if generated from a light beam reflected from a 
mark shorter than the diameter of the reproducing light 
beam applied to the disk. 

Another object of the present invention is to provide 
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a method of manufacturing an optical disk of this type, in 
which a mark train such as pits, representing informa- 
tion, is formed in the surface of a master, and the master 
thus made is used to manufacture the optical disk. 

An optical disk according to the present invention s 
comprises: a mark train, which has at least one shortest 
mark and at least one other mark, recording readable 
information by applying a light beam, wherein the short- 
est mark of the mark train have a width larger than that 
of the other mark. 10 

In the optical disk, a pitch between two of shortest 
marks of the mark train is smaller than a diameter of a 
spot of the light beam for reading the mark train. 

Another type of an optical disk according to this 
invention comprises: a mark train, which has at least 15 
one shortest mark and at least one other mark, record- 
ing readable information by applying a light beam, 
wherein each of marks of the mark train has a width 
which is inversely proportional to a length of the mark. 

Still another type of an optical disk according to the 20 
present invention comprises: a mark train, which has at 
least one shortest mark and at least one other mark, 
recording readable information by applying a light 
beam, wherein each of marks of the mark train has a 
width which is inversely proportional to a length of the 2s 
mark when the marks have lengths which are equal to 
or less than a diameter of a spot of the light beam for 
reading the mark train. 

A further type of an optical disk according to the 
present invention comprises: a mark train, which has at so 
least one shortest mark and at least one other mark, 
recording readable information by applying a light 
beam, wherein each of marks of the mark train has a 
width which is inversely proportional to a length of the 
mark, and each of the marks has the same width ss 
regardless of length thereof. 

In the present invention, the shortest marks are 
broader than the longer marks. Alternatively, each of the 
marks may have a width which is inversely proportional 
to a length of the mark. Still alternatively, the shortest 40 
marks are arranged at a pitch smaller than a diameter of 
a spot the exposure light beam forms on the optical 
disk, and the marks have the same width and different 
lengths. The signals reproduced by applying a repro- 
ducing light beam to the shortest marks can have a suf- 45 
f icient amplitude. Namely, the broader each mark is, the 
larger the amplitude of the signal reproduced by apply- 
ing the light beam to the mark, provided that the mark is 
longer than the diameter of the spot formed by the 
reproducing light beam. The conventional optical disk so 
has marks, some of which are as short as the diameter 
of the reproducing beam spot. These short marks are 
likely to be narrower than the longer marks. In the opti- 
cal disk according to the present invention, the shortest 
marks are board enough to provide signals which have 55 
sufficient amplitudes. 

Thus, signals having sufficient amplitudes can be 
reproduced from the optical disk of the present inven- 
tion even if information is recorded on the disk in the 



form of marks which are relatively short. As a result, the 
margin for jitter in the signals increases, reducing the 
error rate. Therefore, this invention can serve to provide 
an optical disk system which reliably operates to read 
information recorded in high density. 

If the marks are arranged at a pitch smaller than the 
diameter of the reproducing beam spot, the MTF of the 
disk will decrease. The decrease of the MTF results in a 
decrease in the amplitudes of the signals reproduced 
from the beams reflected from the marks. The influence 
of the mark pitch on the MTF is prominent, particularly 
for the shortest marks. Hence,' the characteristics of the 
signals reproduced can be sufficiently improved by cor- 
recting the power of the exposure light beam, thereby 
forming shortest marks having an appropriate width. 
The signal-processing system used for forming marks 
with an appropriate width can therefore be simple in 
structure. This is a practical advantage of the present 
invention. 

A method of manufacturing an optical disk, accord- 
ing to the present invention, comprises: a first step of 
applying a exposure light beam modulated in accord- 
ance with an information signal to be recorded, thereby 
forming a pit train in a master; and a second step of 
manufacturing an optical disk by using the master, the 
optical disk having a readable mark train, in which infor- 
mation is recorded, by applying a light beam to the opti- 
cal disk, wherein the first step includes a substep of 
increasing power of the exposure light beam corre- 
sponding to shortest ones of marks to a value greater 
than power of the exposure light beam which corre- 
sponds to other marks. 

In the method, the first step includes a substep of 
decreasing a pulse width of the exposure light beam 
which corresponds to shortest mark to a value less than 
a pulse width of the exposure light beam which corre- 
sponds to the other mark. Also in this method, the first 
step includes a substep of decreasing a pulse width of 
the exposure light beam which corresponds to all marks 
to a value less than a pulse width of the information sig- 
nal. 

The method can provide an optical disk having a 
mark train, including the shortest marks which are 
arranged at a pitch shorter than the diameter of a repro- 
ducing beam spot and which have a width larger than 
those of the other marks. 

The exposure light beam applied to form the short- 
est marks has greater power than the light beam 
applied to form the other marks. Moreover, those pulse 
widths of the exposure light beam which correspond to 
the shortest marks are decreased to a value less than 
those pulse widths of the beam which correspond to the 
other marks. Alternatively, those pulse widths of the 
exposure light beam which correspond to the marks to 
a value less than the pulse widths of the information sig- 
nal. As a result, the shortest marks can be broader, 
without being made longer than prescribed. 

Another method of manufacturing an optical disk, 
according to this invention, comprises: a first step of 
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applying a exposure light beam modulated in accord- 
ance with an information signal to be recorded, thereby 
forming a pit train in a master; and a second step of 
manufacturing an optical disk by using the master, the 
optical disk having a readable mark train, in which infor- 5 
mation is recorded, by applying a light beam to the opti- 
cal disk, wherein the first step includes a substep of 
forming the mark train by maintaining power of the 
exposure light beam at a fixed value when x/w > 1 , and 
by multiplying the fixed value of power by 70 
0.5 x {(w/x) + 1} when x/wsi, where w is a diameter 
of a spot which the exposure light beam forms on the 
optical disk when the power of the light beam is 10% of 
a peak power thereof, and x is a spatial distance on the 
master which corresponds to a pulse width of the infor- 75 
mation signal. 

Since the power of the exposure light beam is thus 
controlled, mark can be formed, including relatively 
short marks which have widths larger than those of the 
other relatively long marks. 20 

Still another method of manufacturing an optica! 
disk, according to the present invention, comprises: a 
first step of applying a exposure light beam modulated 
in accordance with an information signal to be recorded, 
thereby forming a pit train in a master; and a second 25 
step of manufacturing an optica] disk by using the mas- 
ter, the optical disk having a readable mark train, in . 
which information is recorded, by applying a light beam 
to the optical disk, wherein , the first step includes a 
substep of forming the mark train by multiplying, when 30 
x/w * 0.5, the power which the exposure light beam 
have when x/w > 1 , by 0.5 x {(w/x) + 1} , where w is a 
diameter of a spot which the exposure light beam forms 
on the optical disk when the power of the exposure light 
beam is 10% of a peak power thereof, and x is a spatial 35 
distance on the master which corresponds to a pulse 
width of the information signal. 

In this method, since an exposure light spot of the 
exposure light beam forms the mark train, the exposure 
light spot shortened in a tangential direction of the mas- 40 
ter, the shortest marks can have a width larger than 
those of the other marks. The exposure light spot short- 
ened in the tangential direction has been obtained by 
passing a light beam through at least one super-resolu- 
tion filter. The super-resolution fitter has a stripe-shaped 45 
shield which extends in the tangential direction of the 
master (that is, along a line intersecting with the radius 
of the mater at right angles), instead, the fitter may be 
replaced by one which has an elliptical shield with a 
major axis extending in the tangential direction of the so 
master. Thanks to the high-resolution effect of either fil- 
ter, the exposure light beam can be changed to one 
which has a small elliptical cross section. The laser 
beam forms a small elliptical spot which extends along 
the radius of the master. This helps to provide optical 55 
disks on which information is recorded in high density. 

The invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 



FIG. 1 is a diagram showing some shapes of the 
pits formed in the surface of an optical disk accord- 
ing to a first embodiment of the present invention; 
FIG. 2 is a diagram showing some shapes of the 
pits formed in the surface of a conventional optical 
disk; 

FIG. 3 is a block diagram of the recording optical 
system incorporated in an apparatus for manufac- 
turing a master, according to the first embodiment 
of the present invention; 

FIG. 4 is a block diagram of the signal-processing 
circuit provided in the recording optical system 
shown in FIG. 3; 

FIGS. 5A and 5B are timing chart for explaining the 
operating of the signal-processing circuit shown in 
FIG. 4; 

FIG. 6 is a block diagram illustrating a signal- 
processing circuit of another type which may be 
used in place of the circuit shown in FIG. 4; 
FIGS. 7A to 70 are a timing chart for explaining the 
operation of the signal-processing circuit shown in 
FIG. 6; 

FIG. 8 is a block diagram of the exposure optical 
system incorporated in an apparatus for manufac- 
turing a master, according to a second embodiment 
of the present invention; 

FIG. 9 is a block diagram of the exposure optical 
system having an super-resolution filter and incor- 
porated in an apparatus for manufacturing a mas- 
ter, according to a third embodiment of the present 
invention; 

FIG. 10 is a block diagram of another type of an 
exposure optical system with an super-resolution 
filter, which may be used in place of the optical sys- 
tem shown in FIG. 9; 

FIG. 1 1 is a graph representing the relationship 
between the length and width of the pits formed in 
the surface of an optical disk according to a fourth 
embodiment of the present invention; 
FIG. 12 is a graph representing a different relation- 
ship between the length and width of the pits 
formed in the surface of the disk according to the 
fourth embodiment; 

FIG. 13 is a diagram illustrating some shapes of the 
pits formed in the surface of the optical disk accord- 
ing to the fourth embodiment of the present inven- 
tion; 

FIG. 14 is a diagram showing some shapes of the 
pits formed in the surface of an optical disk accord- 
ing to a fifth embodiment of the present invention; 
FIG. 15 is a graph depicting an distribution of beam 
power, when scanning is performed in one direction 
by using an exposure laser beam having an airy 
distribution; 

FIG. 16 is a graph showing various distributions of 
beam power in the radial direction of the master, 
which are observed at different ratios of the pit 
length to the diameter of the beam spot; 
FIG. 17 is a graph representing the relationship 
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between the power of the exposure light beam and 
the ratio of the pit length to the diameter of the 
beam spot; and 

FIG. 18 is a graph illustrating the relationship 
between the beam-power correction factor and the s 
ratio of the pit length to the diameter of the beam 
spot. 

Embodiments of the present invention will be 
described, with reference to the accompanying draw- 10 
ings. The embodiments are optical disks, each having a 
pit train formed as a mark train. 

(First Embodiment) 

75 

FIG. 1 shows some shapes of the pits formed in the 
surface of the optical disk An optical disk of this type 
can reproduce the information and cannot write the 
information. The optical disk comprises a resin sub- 
strate and a reflecting film provided on the resin sub- so 
strata Information is recorded in the form of pits, on that 
surface of the disk on which the reflecting film is pro- 
vided. The pits are arranged either in concentric tracks 
or in a spiral track As seen from FIG. 1 , the pits 11 and 
12 have different lengths. Among the pits 11 are the 25 
shortest ones (shortest pit). 

The information is reproduced from the optical disk 
by receiving light beams reflected from the pits 1 1 and 
12 by an optical head (not shown). The optical head 
may be the known type which comprises a semiconduc- so 
tor laser element (i.e., a light source), a collimator lens, 
a beam splitter, an objective lens, a focusing lens, and a 
photodetector. The semiconductor laser element emits 
a laser beam. The laser beam is applied to the objective 
lens through the collimator lens and the beam splitter. 35 
The objective lens focuses the laser beam. The beam 
focused is applied to the optical disk, forming a fine 
beam spot 13 (hereinafter referred to as "reproducing 
beam spot") on the optical disk, as illustrated in FIG. 1 . 

The reflected light reflected from the optical disk 40 
passes through the objective lens and reaches the 
beam splitter. The beam splitter spirts the reflected light 
from the laser beam being applied toward the objective 
lens. The reflected light is applied to the photodetector 
through the focusing leans. The photodetector has a 45 
light-receiving surface comprises four photoelectric 
transducer elements. The four electric signals output 
from four photoelectric transducer elements of the pho- 
todetector are arithmetically processed, providing an 
information signal and an error signal. The error signal so 
is used to achieve tracking servo and focusing servo. 

The tracks on the optical disk are arranged at a 
pitch Pt of 0.74 fim, and the pits have lengths ranging 
from 0.4 to 1.5 |im. A length L1 of the shortest pits 1 1 
have a predetermined value of 0.4 jxm. The pits 1 1 and ss 
12 are arranged at various pitch (any adjacent shortest 
pits 1 1 are arranged at a pitch P1 of 0.8 |im). The short- 
est pits 11 have a width W1 of 0.41 jim, whereas the 
other pits 12 have a width W2 of 0.4 urn That is, W1 > 



W2. 

The semiconductor laser is, for example, a red laser 
having a wavelength of 650 nm. The objective lens has 
an NA (Numerical Aperture) of 0.6. The reproducing 
beam spot 13 has a diameter of about 0.9 jxm, which is 
greater than the pitch P1 (= 0.8 jxm) at which any adja- 
cent shortest pits 1 1 are arranged. 

FIG. 2 is a diagram showing some shapes of the 
pits formed in the surface of a conventional optical disk. 
The shortest pits 1 have a width of 0.35 fim, which is 
less than the width of 0.4 jxm of the other pits 2. The 
parameters other than the width of the shortest pits 1 
are substantially equal to those in the optical disk shown 
in FIG. 1. 

As indicated above, the optical disk according to 
this invention differs from the conventional one in two 
respects. That is, (i) the pitch P1 of the shortest pits 1 1 
is shorter than the diameter of the reproducing beam 
spot 13; and (ii) the width W1 of the shortest pits 1 1 is 
greater than the width W2 of the other pits 12. Hence, 
the signal generated from the light beam reflected from 
each shortest pit 1 1 can have a sufficient amplitude, 
despite that the information is recorded on the disk in 
considerably high density. 

Information was reproduced from optical disks of 
the types shown in FIGS. 1 and 2. Eye-patterns of the 
signals reproduced from both types of optical disks 
were obtained. The eye-patterns revealed that the sig- 
nals reproduced from the optical disk shown in FIG. 1 , 
particularly those generated from the light beams 
reflected from the shortest pits 11, had larger ampli- 
tudes than the signals reproduced from the conven- 
tional optical disk shown in FIG. 2. In the embodiment, 
the shortest pit has a shape of an ellipse. The present 
invention is not limited this shape, the shortest pit may 
have a shape of a circle if the above requisite is satis- 
fied. 

The method of manufacturing the optical disk (FIG. 
1) of the present invention will be described. 

The optical disk of the present invention is manu- 
factured in basically the same way as the conventional 
optical disk. That is, a master having pit trains on its sur- 
face is plated. Using the master thus plated, a stamper 
is made. The stamper is used, fabricating a number of 
disk substrates by means of injection molding. A reflect- 
ing film made of. for example, aluminum is formed on 
each disk substrate. However, the method of manufac- 
turing the optical disk of this invention differs from the 
method of manufacturing the conventional optical disk, 
as will be described below. 

The embodiment of the master recording apparatus 
for manufacturing the master, in which the pit trains are 
formed on the surface, will be described. 

FIG. 3 is a block diagram of the recording optical 
system incorporated in the master recording apparatus. 
In the recording optical system, the laser generator 21 
emits a laser beam, which is applied to the first light 
modulator 22. The light modulator 22 emits a beam to 
the half mirror 23. The half mirror 23 splits the beam into 
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tew laser beams. The first laser beam is applied to the 
power monitor photodetector 24, which monitors the 
power of the first beam and generates a signal repre- 
senting the power detected. The output signal of the 
photodetector 24 is supplied to the light control system 
25. The system 25 performs feedback control on the 
first light modulator 22 so that the first modulator 22 
emits a beam having a constant power. 

In the meantime, the second laser beam reflected 
by the half mirror 23 is applied to the second light mod- 
ulator 26. The second light modulator 26 modulates the 
second laser beam in accordance with an information 
signal as will be explained later. The second laser beam 
emitted from second light modulator 26 is guided by the 
mirror 27 to the collimate system 28. The collimate sys- 
tem 28 shapes the beam to a parallel light beam. The 
shaped light beam is guide by the mirror 29 to the objec- 
tive lens 30. The objective iens 30 provides a exposure 
laser beam 31 in which the light beam is focused to a 
desired spot diameter. The laser beam 31 is applied to 
a master 32. The master 32 comprises a disk-shaped 
glass si±>strate 33 and a photoresist 34 coated on the 
surface of the substrate 33. The photoresist 34 is 
exposed by the exposure laser beam 31 . 

The photoresist film 34 exposed by the laser beam 
31 is developed with an suitable etchant. Pits are 
thereby formed in the photoresist film 34. The lengths 
and widths of the pits are determined by controlling the 
power of the laser beam 31 (adding the control of pulse 
width), thereby sizes and widths of pits formed by devel- 
oping the photoresist film 34 near the spot diameter of 
the exposure laser beam 31 can be controlled. The 
beam spot 1 3 has a diameter of about 0.4 jim when the 
laser 21 emits a beam having a wavelength of 407 nm, 
and the objective lens 30 has an NA of 0.9. 

If the master is manufactured by a conventional 
apparatus, forming relatively short pits about 0.4 jim in 
the photoresist, the shortest pits 11 will have a width 
smaller than those of the longer pits 12, as is illustrated 
in FIG. 2. In the present embodiment, by controlling the 
power of the laser beam 31 on the basis of the informa- 
tion signals and making a power corresponding to the 
shortest pits 1 1 less than that of other pits 12, a width 
W1 of the shortest pits 1 1 are greater than the width W2 
of the longer pits 12 as shown in FIG. 1 . This technique 
will be described below in detail. 

As shown in FIG. 3. an information signal S1 to be 
recorded on the master is input to the signal-processing 
circuit 35. The signal S2 is supplied to the light modula- 
tor driver 36 designed to drive the second light modula- 
tor 26 from the signal-processing circuit 35. The signal- 
processing circuit 35 processes the signal 31, generat- 
ing an exposure control signal S2. The signal S1 is a 
binary signal such as a video signal, an audio signal or 
any other data signal. 

FIG. 4 is a block diagram of the signal-processing 
circuit 35. The signal-processing circuit 35 comprises a 
memory 41, a pulse width detector 42, and a pulse 
amplitude converter 43. In operation, the memory 41 



stores the information signal S1 input to the recording 
optica) system from an external apparatus. The signal 
S1 is read from the memory 41 and input to the pulse 
width detector 42 and the pulse amplitude converter 43. 
5 The detector 42 detects the pulse width of the signal S1 . 
The converter 43 changes the amplitude of the signal 

51 in accordance with the pulse width of the signal 31, 
generating an exposure control signal S2. The signal S2 
is supplied to the driver 36 (FIG. 3). 

10 The operation of the signal-processing circuit 35 
will be explained, with reference to the timing chart of 
FIGS. 5Aand5B. 

FIG. 5A represents the waveform of the information 
signal S1 input to the signal-processing circuit 35. In the 

is circuit 35, the signal S1 is input to the pulse width detec- 
tor 42 and the pulse amplitude converter 43 through the 
memory 41 as is mentioned above. The pulse amplitude 
converter 43 generates an exposure control signal S2 
from the information signal S1 . 

20 Upon detecting the shortest pulse among the 
pulses of the information signal S1 read from the mem- 
ory 41, the pulse width detector 42 generates a short- 
est-pulse detection signal, which is supplied to the pulse 
amplitude converter 43. The converter 43 increases the 

25 amplitude of the shortest pulse to a value greater than 
amplitude of the other pulses by a predetermined value. 
Thus, as shown in FIG. 5B, the exposure control signal 

52 generated by the converter 43 comprises a pulse 
P21 representing the shortest pit 11 and a pulse P22 

30 representing another pit 1 2, the former having an ampli- 
tude A1 larger than the amplitude A2 of the latter. 

As shown in FIG. 3, the exposure control signal S2 
is supplied to the driver 36. The driver 36 drives the sec- 
ond light modulator 26 in accordance with the exposure 

35 control signal S2. Thus driven, the second light modula- 
tor 26 modulates the power of the second laser beam in 
accordance with the amplitude of the exposure control 
signal S2. The exposure laser beam 31 therefore has 
greater power during the period which corresponds to 

40 the shortest pit 1 1 than during the period which corre- 
sponds to any other pit 1 2. As a result, the shortest pits 

1 1 have a width W1 lager than width W2 of the other pits 

12 as illustrated in FIG. 1. 

FIG. 6 illustrates a signal-processing circuit of 
45 another type which may be used in place of the circuit 
35. As seen from FIG. 6, the circuit differs from the cir- 
cuit 35 (FIG. 4) only in that a pulse width converter 44 is 
provided. In operation, the memory 41 stores the infor- 
mation signal 31 input to the recording optical system 
so from an external apparatus. The signal 31 is read from 
the memory 41 and input to the pulse width detector 42 
and the pulse amplitude converter 43. The output signal 
of the converter 43 is input to the pulse width converter 
44. The converters 43 and 44 change the amplitude and 
55 width of the input signal in accordance with the pulse 
width of the signal 31 , detected by the pule width detec- 
tor 42. The pulse width converter 44 generates an expo- 
sure control signal S2. The exposure control signal S2 
is supplied to the modulator driver 36 (FIG. 3). 
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How the signal-processing circuit shown in FIG. 6 
operates will be explained, with reference to the timing 
chart of FIGS. 7Ato 7C. 

FIG. 7A represents the waveform of the information 
signal S1 input to the signal-processing circuit 35. The 
signal S1 comprises a pulses P11 and P12, which cor- 
respond to the shortest pulse P1 1 and another pulse 
P12, respectively. The pulse P11 has a width BO. The 
information signal S1 is supplied to the pulse amplitude 
converter 43, the output signal of which is input to the 
pulse width converter 44. The converter 44 generates 
the exposure control signal S2, which is shown in FIG. 
7B. 

Upon detecting the shortest pulse among the 
pulses of the information signal S1 read from the mem- 
ory 41, the pulse width detector 42 generates a short- 
est-pulse detection signal. The detection signal is 
supplied to the pulse amplitude converter 43 and also to 
the pulse width converter 44. In response to the detec- 
tion signal, the converter 43 increases the amplitude of 
the shortest pulse to a value greater than the amplitude 
of the other pulses by a predetermined value. In 
response to the detection signal, the pulse width con- 
verter 44 decreases, by a predetermined value, the 
width of the shortest pulse output from the amplitude 
converter 43. 

As a result, the pulse width converter 44 generates 
an exposure control signal S2 which has the waveform 
shown in FIG. 7B. As shown in FIG. 7B, the signal S2 
comprises a pulse P21 representing the shortest pit 1 1 
and a pulse P22 representing another pit 1 2, the former 
having an amplitude A1 larger than the amplitude A2 of 
the latter and a width B1 smaller than the width BO of the 
pulse P1 1 of the information signal S1 . 

In accordance with the exposure control signal S2, 
the driver 36 drives the second light modulator 26. Thus 
driven, the second light modulator 26 modulates the 
power of the second laser beam in accordance with the 
amplitude of the exposure control signal S2. The expo- 
sure laser beam 31 therefore has greater power during 
the period which corresponds to the shortest pit 1 1 than 
during the period which corresponds to any other pit 12. 
In addition, the pulse width of the laser beam 31 (irradi- 
ating period, exposure period) is shorter than a time 
determined by the information signal S1 during a period 
corresponding to the shortest pit 1 1 . 

As has been described with reference to FIGS. 4, 
5A and 5B, the shortest pit 11 may be longer than is 
desired, if only the power of the exposure laser beam 31 
is increased for the period corresponding to the shortest 
pit 11. By contrast, as has been explained with refer- 
ence to FIGS. 6, 7A and 7B, the shortest pit 1 1 has the 
very length desired since the power of the laser beam 
31 is increased for the period corresponding to the 
shortest pit 11, and, in addition, the exposure laser 
beam 31 is applied to form a shortest pit 1 1 , for a time 
slightly shorter than the time determined by the informa- 
tion signal S1 . The time for applying the exposure laser 
beam 31 to form the pit 1 1 depends on the diameter of 



the reproducing beam spot 13 and the process condi- 
tions of forming the pits 1 1 and 12. Experiments should 
be conducted to determine an optimal time for applying 
the exposure laser beam 31 . 

5 As shown in FIG. 7B, the pulse P21 of the exposure 
control signal S2, which corresponds to the shortest pit 
1 1 , has a width B1 shorter than the width BO of the cor- 
responding pulse P11 of the information signal S1. 
Instead, the pulses of the signal S2 which correspond to 

10 all pits may have widths shorter than the widths of the 
corresponding pulses of the information signal S1 in, for 
example, the same ratio. 

(Second Embodiment) 

15 

The second embodiment of the present invention is 
also an optical disk. This optical disk is identical from 
the disk according to the first embodiment in that the 
pitch of the shortest pits 1 1 is shorter than the diameter 

20 of the reproducing beam spot and that the width of the 
shortest pits 1 1 is greater than the width of the other 
pits. The second embodiment is characterized in that 
the exposure laser beam 31 has a cross section elon- 
gated widthwise of the pits to be formed, that is, along 

25 the radius of the master 32. A recording laser beam 
having such an elongated cross section makes it easier 
to form pits of a desired shape. 

FIG. 8 shows the exposure optical system which is 
incorporated in the apparatus for manufacturing the 

30 master 32 according to the second embodiment. The 
system is identical to the exposure optical system of 
FIG. 3, except that an elliptical aperture 51 is provided 
in the optical path to the objective lens 30, more pre- 
cisely in front of the mirror 29. The aperture 51 changes 

35 a laser beam 50 having a circular cross section to a 
laser beam 52 having an elliptical cross section. The 
laser beam 52 is reflected by the mirror 28 and applied 
to the objective lens 30. Therefore, the NA of the objec- 
tive lens 30 is reduced in the radial direction of the mas- 

40 ter 32. Hence, the exposure laser beam 31 applied from 
the objective lens 30 forms on the master 32 an elliptical 
beam spot elongated along the radius of the master 32. 
In FIG. 8, the objective lens 30 and the laser beam 52 
applied to the lens 30 are shown as if seen in their ind- 

45 dent direction. 

CThird Embodiment) 

The third embodiment of this invention is an optical 
so disk, too. This disk is of the same type as the optical 
disks according to the first and second embodiments. 
FIG. 9 shows the exposure optical system which is 
incorporated in the apparatus for manufacturing the 
master 32 according to the third embodiment. The sys- 
55 tern is characterized in that an super-resolution filter 61 
is provided in the optical path to the objective lens 30, 
more correctly in front of the mirror 29. As shown in FIG. 
9, the filter 61 has a stripe-shaped shield which extends 
in the radial direction of the master 32. FIG. 10 shows 
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another type of an exposure optical system which may 
replace the system shown in FIG. 9 and which has an 
super-resolution filter 62 provided in front of the mirror 
26. As shown in FIG. 10, the filter 62 has an elliptical 
shield whose major axis extends in the radial direction 5 
of the master 32. In both FIG. 9 and FIG. 10, the objec- 
tive lens 30 and the laser beam 52 applied to the lens 30 
are shown as if seen in their axial direction. 

Whichever super-resolution filter is used, the filter 
61 or the filter 62, a laser beam 50 having a circular 10 
cross section is changed to a laser beam having a 
smaller elliptical cross section, thanks to the high-reso- 
lution effect of the filter. The laser beam forms a small 
elliptical spot which extends along the tangential direc- 
tion of the master 32 (a direction normal to a radial 15 
direction of the master 32). This helps to manufacture 
optical disks on which information is recorded in high 
density. 

(Fourth Embodiment) 20 

FIGS. 11 and 12 are graphs representing the rela- 
tionship between the length L and width W of the pits 
according to a fourth embodiment of the present inven- 
tion. In this embodiment, a case of high density such as 25 
the shortest pit pitch is smaller than the reproducing 
beam spot diameter is indicated. 

The fourth embodiment is characterized in that 
each pit has a width W inversely proportional to the 
length L as shown in FIG. 1 1 , while the shortest pit 1 1 30 
has a width W1 greater than the width W2 of the other 
pits 12 in the first embodiment Alternatively, as illus- 
trated in FIG. 12, each pit may have a width W which is 
inversely proportional to the length L as long as the 
length L is equal to or less than the diameter S of the 35 
reproducing beam spot and which remains unchanged 
as long as the length exceeds the diameter S. With this 
configuration, an advantage as the first embodiment 
can be obatained. 

FIG. 13 illustrates some shapes of the pits formed 40 
in the surface of the optical disk according to the fourth 
embodiment. As shown in FIG. 13, the shortest pits 11 
have a length 3T and a width W1. The width W1 is 
smaller than the width W2 of the pits having a length 8T. 
The width W2 is smaller than the width W3 of the pits 45 
having a length 4T. Briefly stated, W1 > W3 > W2, 
whereas W1 > W2 = W3 in the optical disk (FIG. 1) 
according to the first embodiment. In other words, the 
shorter each pit is, the broader it is. Alternatively, as 
shown in FIG. 12, each pit may be broad in inversely so 
proportional to its length provided its length is equal to 
or less than the diameter of the reproducing beam spot 
and may have a fixed width if its length exceeds the 
diameter of the reproducing beam spot 

Since each of the pits (including the shortest ones) ss 
has a width which is inversely proportional to its length, 
the signal generated from the light beam reflected from 
each shortest pit 1 1 can have a sufficient amplitude 
despite that the information is recorded on the disk in 



considerably high density. 
(Fifth Embodiment) 

An optical disk, in which the pits have substantially 
the same width W regardless of their lengths, and a 
manufacturing method thereof. 

FIG. 14 illustrates some shapes of the pits formed 
in the surface of the optical disk according to the fifth 
embodiment. The fifth embodiment differs from the first 
embodiment (FIG. 1) in that all pits including the short- 
est pits 1 1 and other pits 12 have the same width W as 
shown in FIG. 14. As in the first embodiment, however, 
the shortest pits 11 are arranged at a pitch P1 shorter 
than the diameter of the reproducing beam spot 13. 

The tracks on the optical disk according to the fifth 
embodiment are arranged at a pitch Tp of 0.6 p, and 
the pits have lengths ranging from 0.33 to 1 .2 The 
shortest pits 11 have a length L1 of 0.33 jim (Any adja- 
cent shortest pits 1 1 are arranged at a pitch P1 of 0.66 
jim). Ail pits 1 1 and 12 have the same width W of 0.33 
Jim. 

The semiconductor laser element using to repro- 
duction from the optical disk is, for example, a green 
laser having a wavelength of 532 nm. The objective lens 
has an NA (Numerical Aperture) of 0.6. The reproduc- 
ing beam spot 13 has a diameter of about 0.7 fim, which 
is greater than the pitch P1 . In the case of the conven- 
tional disk shown in FIG. 2, the shortest pits 1 have a 
width of, for example, 0.28 p,m, which is less than the 
width of 0.4 urn of the other pits 2. 

The optical disk according to the fifth embodiment 
of the present invention is different from the conven- 
tional disk in two respects. First, the pitch P1 of the 
shortest pits 1 1 is shorter than the diameter of the 
reproducing beam spot 13. Second, all pits 11 and 12 
have substantially the same width W. Hence, the signal 
generated from the light beam reflected from any pit 
(including the shortest pit 11) can have a sufficient 
amplitude despite that the information is recorded on 
the disk in considerably high density. Furthermore, 
changes in crosstalk between the signals can be mini- 
mized. 

In the embodiment, the shortest pit has a shape of 
a circle. The present invention is not limited this shape, 
the shortest pit may have a shape of an ellipse if the 
above requisite is satisfied. 

The method of manufacturing the optical disk 
according to the fifth embodiment will be described. 

The optical disk according to the fifth embodiment 
has pits which have the same width regardless of their 
lengths as shown in FIG. 14. To manufacture this disk, it 
suffices to irradiate the photoresist 34 of the master 32 
with a exposure laser beam 31 whose power is distrib- 
uted uniformly along the radius of the master 32. 

FIG. 15 is a graph depicting a distribution of beam 
power with respect to the scanning direction, which was 
observed when a photoresist was linearly scanned with 
a laser beam which had an area distribution. The diam- 
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eter of a beam spot is given as: k x A/NA , where X is 
the wavelength of the exposure laser beam 31 and NA 
is the numerical aperture of the laser 21 incorporated in 
the exposure optical system shown in FIG. 3. When X = 
351 nm and NA ■ 0.9, the diameter of the beam spot 
whose power is 1/e 2 of the peak power is 0.32 and 
the diameter of a so-called dark ring observed when the 
beam power becomes zero for the first time is 0.476 jim. 

As can be understood from FIG. 1 5, the peak power 
of the laser beam 31 becomes substantially constant 
when the photoresist is scanned for a distance of 0.36 
jtm or more. This distance of 0.36 jim is equal to the 
diameter of the spot which the laser beam 31 forms on 
the master 32 when its power is 10% of the peak value. 
It follows that the peak power remains unchanged while 
the beam spot is moving relative to the master for a dis- 
tance longer than this beam spot diameter (= 0.36 jim). 
In other words, the peak power is constant for a scan- 
ning time longer than the time the beam spot needs to 
travel the distance of 0.36 nm in this case. 

When the exposure laser beam 31 is applied to the 
photoresist 34 of the master 32, its power is distributed 
along the radius of the master 32 as is shown in FIG. 16. 
In FIG. 16, the power distribution of the exposure laser 
beam 31 is plotted against, by using as a parameter the 
ratio a (= x/w) of a distance x (a distance on the master, 
equivalent to the pulse width of an information signal) to 
the beam spot diameter w defined above. 

FIG. 17 is a graph representing the relationship 
between the peak power of the exposure laser beam 31 
and the ratio a (= x/w). As FIG. 17 shows, the peak 
power of the exposure laser beam 31 decreases as the 
ratio a is less than 1 though it scarcely changes so long 
as the ratio a is 1 or more. Thus, if a pit shorter than the 
spot diameter is exposed, the exposure to the photore- 
sist 34 will be decreased. Consequently, the pit formed 
is narrower than is desired. Generally the threshold 
beam power for photoresist is set at about 50% of the 
peak power. Hence, a pit having a desired width can be 
formed if the ratio a is about 0.8 but can be hardly 
formed if the ratio a is about 0.5. By correcting the 
power of the exposure laser beam 31 to form a suffi- 
ciently broad pit by applying the beam having the same 
peak power, the pits having the same width can be 
made, even if the pits are relatively short. 

The peak power of the exposure laser beam 31 is 
fixed, regardless of the pulse widths of the information 
signals, and the power of the exposure laser beam 31 to 
form the same pit width is obtained as shown in FIG. 18 
form FIG. 17, thereby distributing the beam power uni- 
formly in the radial direction of the master 32. More spe- 
cifically, the power of the laser beam 31 is multiplied by 
a correction factor A which depends on the pulse width 
of an information signal, thereby a constant peak power 
can be achieved. 

As seen from FIG. 1 8, the factor A for correcting the 
power of the exposure laser beam 31 can be approxi- 
mated to: 



A = 0.5x{(1/a) + 1} (1) 

The power correction factor A is applied, whereby 
the power of the exposure laser beam 31 is made con- 
s stent if a > 1. If a s 1 , the power of the exposure laser 
beam 31 is changed to A times the power the exposure 
laser beam 31 has when x/w > 1 . Pits having the same 
width and different lengths can thereby be formed in the 
photoresist 34. 

10 How the master of the fifth embodiment is manufac- 
tured by using the exposure optical system of FIG. 3 will 
be explained in detail, with reference to FIGS. 3 and 6 
and FIGS.7Ato7C. 

In the exposure optical system, the laser generator 

is 21 emits a beam having a wavelength of 351 nm, and 
the objective lens 30 has NA of 0.9. The exposure laser 
beam 31 forms a spot having a diameter of about 0.35 
fiim on the photoresist 32. Assume the conventional 
exposure optical system is used, applying this beam 31 

20 to the photoresist 32 and forming a short pit about 0.32 
\xm long. Then pit will then inevitably have an insufficient 
width, like the shortest pits 1 1 shown in FIG. 2 which are 
narrower than the other pits 12. 

In the exposure optical system (FIG. 3) the informa- 

25 tion signal S1 shown in FIG. 5A is input to the signal- 
processing circuit 35. The circuit 35 processes the sig- 
nal S1, generating an exposure control signal S2. As 
shown in FIG. 5B the signal S2 comprises a pulse P21 
representing the shortest pit 1 1 and a pulse P22 repre- 

30 senting another pit 12. The pulse P21 has an amplitude 
A1 larger than the amplitude A2 of the pulse P22. Fur- 
ther, the power of the laser beam 31 for forming the 
shortest pit 11 is corrected by applying the correction 
factor A so that the shortest pit 1 1 may have the same 

35 width as the other pits 12. In short, pits can be formed 
having substantially the same width and different 
lengths by applying the factor A which is determined by 
Equation (1) presented above. 

The greater the power of the exposure laser beam 

40 31. the longer the pit that will be formed. It is therefore 
desirable to reduce the width A1 of the signal pulse cor- 
responding to the shortest pit as is illustrated in FIGS. 
7A and 7B. To this end it only needs to control the pulse 
widths of the exposure control signal S2 so that an infor- 
ms mation signal consisting of pulses having the same 
width may be reproduced from the disk. An optimal 
value for the pulse width A1 should be determined by 
conducting experiments. This is because the value 
depends on the diameter of the recording beam spot 

50 and the process conditions of forming the pits. 

As can be understood from FIG. 18, the correction 
factor A given by Equation (1) has a large value when a 
£ 0.5. The factor A remains almost constant so long as 
a > 0.5. Therefore, the power of the recording laser 

55 beam may be controlled only when x/w ^ 0.5. That is, if 
x/w s 0.5, the recording laser beam is made to have 
power which is A times the power the beam has when 
x/w > 0.5. 

This specific method of correcting the power of the 
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recording laser beam can be employed in the first 
embodiment wherein the shortest pits 1 1 are broader 
than the other pits 12. The method can be used in the 
fourth embodiment, too, wherein the width of each pit is 
inversely proportional to the length or has a width 
inversely proportional to its lengths if it is as long as or 
shorter than the diameter of the recording beam spot 
and the same width as any other pit if it is longer than 
the diameter of the recording beam spot. 

Claims 

1. An optical disk comprising a mark train (11, 12), 
which has at least one shortest mark (1 1) and at 
least one other mark (12), recording readable infor- 
mation by applying a light beam, characterized in 
that the shortest mark (1 1) of said mark train have 
a width larger than that of the other mark (12). 

2. An optical disk according to claim 1 , characterized 
in that a pitch between two of shortest marks (1 1) of 
said mark train is smaller than a diameter of a spot 
(13) of said light beam for reading said mark train. 

3. An optical disk comprising a mark train (11, 12), 
which has at least one shortest mark (1 1) and at 
least one other mark (12), recording readable infor- 
mation by applying a light beam, characterized in 
that each of marks of said mark train (11,12) has a 
width which is inversely proportional to a length of 
the mark. 

4. An optical disk comprising a mark train (11, 12), 
which has at least one shortest mark (11) and at 
least one other mark (12), recording readable infor- 
mation by applying a light beam, characterized in 
that each of marks of said mark train (11,12) has a 
width which is inversely proportional to a length of 
the mark when said marks have lengths which are 
equal to or less than a diameter of a spot (13) of 
said light beam for reading said mark train. 

5. An optical disk comprising a mark train (11, 12), 
which has at least one shortest mark (11) and at 
least one other mark (12), recording readable infor- 
mation by applying a light beam, characterized in 
that each of marks of said mark train (11,12) has a 
width which is inversely proportional to a length of 
the mark, and each of said marks has the same 
width regardless of length thereof. 

6. A method of manufacturing an optical disk, com- 
prising: 

a first step of applying a exposure light beam 
modulated in accordance with an information 
signal to be recorded, thereby forming a pit 
train in a master (32); and 
a second step of manufacturing an optical disk 



by using said master (32), said optical disk hav- 
ing a readable mark train (11, 12), in which 
information is recorded, by applying a light 
beam to the optical disk, 

5 characterized in that said first step 

includes a substep of increasing power of the 
exposure light beam corresponding to shortest 
ones of marks to a value greater than power of 
the exposure light beam which corresponds to 

10 other marks. 

7. A method according to claim 6, characterized in 
that said first step includes a substep of decreasing 
a pulse width of said exposure light beam which 

75 corresponds to shortest mark to a value less than a 
pulse width of said exposure light beam which cor- 
responds to the other mark. 

8. A method according to claim 6, characterized in 
20 that said first step includes a substep of decreasing 

a pulse width of said exposure light beam which 
corresponds to all marks to a value less than a 
pulse width of said information signal. 

25 9. A method of manufacturing an optical disk, com- 
prising: 

a first step of applying a exposure light beam 
modulated in accordance with an information 

30 signal to be recorded, thereby forming a pit 

train in a master (32); and 
a second step of manufacturing an optical disk 
by using said master (32), said optical disk hav- 
ing a readable mark train (11, 12), in which 

35 information is recorded, by applying a light 

beam to the optical disk, 

characterized in that said first step 
includes a substep of forming said mark train 
by maintaining power of said exposure light 

40 beam at a fixed value when x/w > 1, and by 

multiplying said fixed value of power by 
0.5 x {(w/x) + 1} when x/w ^ 1. where w is a 
diameter of a spot which said exposure light 
beam forms on the optical disk when the power 

45 of said light beam is 10% of a peak power 

thereof, and x is a spatial distance on said mas- 
ter which corresponds to a pulse width of the 
information signal. 

so 10. A method of manufacturing an optical disk, com- 
prising: 

a first step of applying a exposure light beam 
modulated in accordance with an information 
55 signal to be recorded, thereby forming a pit 

train in a master (32); and 
a second step of manufacturing an optical disk 
by using said master (32), said optical disk hav- 
ing a readable mark train (11, 12), in which 
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information is recorded, by applying a light 
beam to the optical disk 

characterized in that, said first step 
includes a substep of forming said mark train 
by multiplying, when xftv £ 0.5, the power 5 
which said exposure light beam have when x/w 
>1,by 0.5 x {(w/x) + 1), where wis a diameter 
of a spot which said exposure light beam forms 
on said optical disk when the power of said 
exposure light beam is 10% of a peak power w 
thereof, and x is a spatial distance on said mas- 
ter which corresponds to a pulse width of the 
information signal. 

11. A method according to any one of claims 6 to 10, is 
characterized in that an exposure light spot of said 
exposure light beam forms said mark train, said 
exposure light spot shortened in a tangential direc- 
tion of said master. 

20 

12. A method according to claim 11, characterized in 
that said exposure light spot shortened in the tan- 
gential direction has been obtained by passing a 
light beam through at least one super-resolution fil- 
ter (51, 61, 62). 25 
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